Each point is the mean of at least three experiments in duplicate.
Each point is the mean of at least three experiments in duplicate.
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tively. In the presence of aprotinin, simple inhibition of the reaction did not occur, since a plot of 1 / v against \I 1 did not give a straight line relationship, whereas a plot of l / v against 111" did, indicating that there is more than one binding site for the kininogenase (Dixon & Webb, 1964) . Plots were linear when n = 2 at low substrate concentrations (S-2266, 0 . 0 2 m~: Bz-Arg-OEt, 4 m~) and when n = 3 at higher substrate concentrations (S-2266, 0.2 mM: Bz-Arg-OEt 40 m~) . It is, therefore, possible that at low substrate concentration. when only the high affinity site for substrate is occupied, there are two binding sites for inhibitor, whereas at higher substrate concentrations a conformational change takes place making a low-affinity site available for substrate and a third binding site available for the inhibitor. These results suggest that porcine pancreatic kininogenase has more than one binding site for both substrate and inhibitor.
In most cases where a kinetic investigation is carried out on an enzyme it is found that there is an exact proportionality between the initial velocity of reaction and active enzyme concentration. Such observations are anticipated from simple MichaelisMenten theory. Cases where deviations from such behaviour are observed have been listed by Dixon & Webb (1964) .
Recent studies on kallikrein I (EC 3.4.21.8: M , 90000) purified from Cohn Fraction IV of human plasma (Levison & Tomalin, 1982) have shown that this enzyme behaves normally when kinetic measurements are made at the physiological temperature (37OC). Results for the kallikrein I-catalysed hydrolysis of 0. I mM-Ac-Pro-Phe-Arg-OMe . HCI at pH 8.00 are summarized in Fig. 1 . At 37°C (K,,, = 0.01 mM; Levison & Tomalin, 1982) it was found that linear behaviour was observed within experimental error at enzyme concentrations up to 150 PM. Attempts to make kinetic measurements at the standard temperature for physicochemical studies (25OC) under similar conditions gave results which showed very substantial deviations from linear behaviour. Within the same range of enzyme concentration significant deviations from linearity were observed at temperatures of 30°C and below.
It is believed that this effect is due to enzyme aggregation which becomes significant at both high enzyme concentrations and lower temperatures. This hypothesis is supported by independent observations of a high-molecular-weight form of human plasma kallikrein ( M , 165000: Colman et al.. 1969 : Heber et al.. 1978 . This has been shown to be a dimer from measurements using sodium dodecyl sulphate/polyacrylamidegel electrophoresis and gel chromatography (P, R. Levison & G.
Tornalin, unpublished results). Further measurements and
calculations are in progress to substantiate or refute the aggregation hypothesis.
The above results suggest that before extensive kinetic studies on newly isolated proteolytic enzymes are undertaken, pre- The technique of e.p.r. spectrometry has been utilized to identify many components of electron-transport systems, but until recently the information gained about the photosystem I1 reaction centre of plants has been limited. This has been due to the instability of the components involved in the conversion of water to oxygen and also to the lack of suitable preparations of the reaction-centre components involved in charge separation.
When the technique of e.p.r. is used, it is also particularly important to have preparations lacking photosystem I, as it interferes with the detection of some photosystem I1 components.
In both photosystems, excitation of the reaction centres by light occurs even at the temperature of liquid helium (4.2K), and a stable charge separation can be obtained. However, electron transport is limited to donor and acceptor components closely linked to the reaction centre. These components in photosystem I1 can be studied by e.p.r. at cryogenic temperatures, as we demonstrated with a component termed 'Signal II,t', which acts as a secondary electron donor to the primary donor chlorophyll, P680 (Nugent & Evans, 1979; Nugent et al., 1980) . In a photosystem I1 preparation isolated from spinach (Spinacia oleracea) chloroplasts treated with detergent, Klimov et al., (1980) . using e.p.r. at cryogenic temperatures, identified a pheophytin component which acted as an intermediate acceptor of electrons from P680. The properties of this component parallel those of a component in the electron-acceptor system of photosynthetic bacteria, and the similarities of the two systems were further demonstrated by our recent discovery of an iron-semiquinone e.p.r. signal originating from the electronacceptor complex that accepts an electron from the pheophytin intermediate (Nugent et al., 198 la) . The iron-semiquinone signal was found in membranes or detergent-treated particles prepared from a mutant of Chlamydomonas reinhardfii (Diner & Wollman, 1980 ) that lacked both photosystem I and photosynthetic ATPase.
We have now characterized and compared several different photosystem I1 preparations, the results indicating the following sequence of electron transfer in photosystem 11:
However, we have also detected a heterogeneity among reaction centres. which was revealed by measuring the proportion of centres able to carry out electron transfer from Signal I1 to iron-quinone at different temperatures. This study showed that only a minority of photosystem 11 centres were able to perform the transfer at 4.5 K and that temperatures above 200K were required for secondary donation to occur in all centres. The donor and acceptor components involved in both types of centre had identical e.p.r. spectra, indicating that the heterogeneity was caused by variation in the ability of the secondary donor to compete with the back-reaction between P680+ and ironsemiquinone acceptor. The rate of back-reaction was measured by monitoring the decay of P680+ after an 800ns laser flash at 660nm, with temperature conditions (1 5 K) such that secondary donation was minimal. The half-time of this decay averaged from 4096 laser flashes was 3 ms.
Further studies revealed an anomaly in the amount of donor oxidized to iron-quinone reduced, indicating that an alternative acceptor to the iron-quinone may exist in some centres, but we have yet to directly detect a new e.p.r. signal for this acceptor.
The electron-acceptor system shows another property in parallel with some photosynthetic bacteria, with the pheophytin intermediate being closely linked to an iron-quinone complex. The proximity of the two reduced acceptors is demonstrated by an interaction, occurring at temperatures below 10 K, which causes a broadening and splitting of the pheophytin spectrum because of the influence of the iron-semiquinone.
An alternative secondary donor to Signal I1 and giving a spectrum of 1 mT linewidth near g = 2 was also detected in our experiments, but further experiments indicated that this component only functions in the absence of Signal I1 resulting from membrane damage. The signal probably arises through reaction of chlorophyll or carotenoid with an intermediate of high redox potential and highlights the problems in experiments involving highly reactive components. The characteristics of electron donation suggest that at least one intermediate component exists between Signal I1 and P680, evidence for which was reviewed by Bouges-Bouquet (1980) . No e.p.r. signal has yet been assigned to this component. The structure of the component giving rise to Signal I1 has not been determined, but the involvement of plastoquinone has been suggested (Hales & Gupta, 1981) . To match the characteristics of Signal 11, the plastoquinone would be in a hydrophobic environment, linked probably to a metal ion.
We have also performed experiments looking for electron donor components involved in the oxidation of water to oxygen. Results so far have not revealed new e.p.r. signals. but have shown a link between the ability to evolve oxygen and three components: Signal 11, high potential cytochrome b-559 and manganese. Cytochrome b-559 can function as an alternative secondary donor at cryogenic temperatures, but characterization of its oxidation suggest that it is not situated on the main pathway of electron transport from water (Nugent et al. .  198 1 b) . Further experiments using the photosystem I1 preparations characterized in the present study will give more details of the electron-transfer processes in the reaction centre, which may also help solve the mechanism of change accumulation leading to oxygen evolution.
